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CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] Not applicable. 
FIELD OF THE INVENTION 

[0002] This invention relates in general to the application of solder between 
substrates, and more particularly to the use of multiple solder materials between different 
substrates. 

BACKGROUND OF THE INVENTION 

[0003] Soldered modules that include substrates of differing substrate materials are 
subject to thermal stress due to differing coefficients of thermal expansion (CTE) 
between the respective substrates. For example, due to CTE, cracks in the solder and 
possibly elsewhere (the substrates themselves) occur during the reflow process when 
attempting to solder a ceramic substrate to a printed circuit board (PCB) material such as 
FR4. 

[0004] Differing CTEs among substrates is also commonly known as CTE mismatch. 

A typical PCB material can have a CTE of 1 5 PPM/Degree C while a Ceramic substrate 
can have a CTE of 6 PPM/Degree C. Thus, cracks are initiated during the cooling 
process (of the reflow process) as the solder materials between the PCB and ceramic 
solidifies while the PCB and ceramic are not fully in a steady state. Note that Pb-free 
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solder paste (95.5%Sn-3.8%Ag-0.7% Cu) solidifies at 2 1 7 degree C while the PCB and 
the Ceramic are still contracting at different rates as the temperature is reduced. As a 
result, cracks form in the ceramic and possibly the solder as well. 

SUMMARY OF THE INVENTION 

[0005] Embodiments in accordance with the invention illustrate an arrangement and 
method of forming a module having at least two substrates of differing material that can 
remain substantially free from cracks during and after a reflow process. 

[0006] In a first aspect of the present invention, a method of reducing stress between 
substrates of differing materials includes the steps of selectively applying solder of a first 
composition between a first substrate and a second substrate and selectively applying 
solder of at least a second composition between the first substrate and the second 
substrate. Then, the method can include the step of reflowing the solder of the first 
composition and the second composition. Ideally, the bond formed between the first and 
second substrates is crack-free. The crack-free bond should be understood to mean that 
the solder and the substrates will be substantially free from cracks. The solder of the first 
composition can be made of higher melting-point solder bumps or paste or preform on 
printed solder pads on at least one among the first substrate and at least the second 
substrate while the solder of the second composition can be lower melting-point solder 
bumps or paste or preform on printed solder pads on at least one among the first substrate 
and at least the second substrate. Of course, in the alternative, the first composition can 
be the lower melting point solder and the second composition can be the higher melting 
point solder. Optionally, the solder of the first composition can be substantially centrally 
located while the second composition can substantially or generally be located in a 
peripheral area about the centrally located solder. Of course, the solder of each 
composition can be selectively placed as desired to suitably minimize cracking or to meet 
other requirements that might be dictated by components populating the substrate or by 
the structure of the substrate themselves. 
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[0007] In a second aspect of the present invention, a module can include a first 
substrate comprised of a first material, at least a second substrate comprised of at least a 
second material, selectively applied solder of a first composition residing between the 
first substrate and at least the second substrate, and selectively applied solder of at least a 
second composition residing between the first substrate and at least the second substrate. 
Preferably, no crack will exist in the module as a result of a reflow process of the solder. 
The different selectively applied solder compositions can have different melting points 
and can be solder balls, solder paste, solder preform or any other known form of solder. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 illustrates a top view of a portion of a ball grid array module using 
different solder on different areas of a substrate in accordance with an embodiment of the 
present invention. 

[0009] FIG. 2 shows a side cut view along line 2-2 of a module including the portion 
of the module of FIG. 1 . 

[0010] FIG. 3 illustrates a side cut view of another module that uses solder paste or 
preforms in accordance with an embodiment of the present invention. 

[0011] FIG. 4 is a flow chart illustrating a method of reducing stress between 
substrates of differing materials in accordance with an embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0012] While the specification concludes with claims defining the features of the 
invention that are regarded as novel, it is believed that the invention will be better 
understood from a consideration of the following description in conjunction with the 
drawing figures, in which like reference numerals are carried forward. 
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[0013] Referring to FIG. 1, a top view of a portion 10 of a ball grid (BGA) array 
module using different solder compositions on different areas of a substrate 1 2 is shown. 
The ball grid array module or package can use a two alloy composition system to 
minimize stress on the package, although any other suitable number of alloys is within 
contemplation of the present invention. The portion 10 can include selectively applied 
solder 14 of a first composition or material and can further include selectively applied 
solder 1 6 of a second composition or material. Although the solder discussed above can 
be of any form (such as preform or paste), FIGs. 1 and 2 illustrate the use of solder balls. 
The solder 14 of the first composition can be a higher melting point solder such as lead- 
free solder bumps, solder paste or solder preform having a composition of 95.5%Sn, 
3.8%Ag, and 0.7%Cu. This particular composition solidifies at 217 degrees C. The 
solder of the second composition can be low melting point solder bumps having a 
composition of approximately 57%Bi, 42%Sn, 1 %Ag which can solidify at 1 39 degrees 
C. If solder preform or paste is used, the low melting point solder can alternatively be 
composed of approximately 43%Sn, 43%Pb, 1 4%Bi which can solidify at 1 44 degrees C. 
Of course, these solder compositions are merely exemplary and should not be interpreted 
to limit the scope of the invention in any manner. As noted above, the different 
selectively applied solder compositions can also come in different forms such as solder 
balls, solder paste, solder preform or any other known form of solder 

[0014] Referring to FIG. 2, a side view of a module 20 is shown including the 
substrate 12 and solder 14 and 16, More particularly, the module 20 can include the 
substrate 1 2 (which can be a first substrate comprised of a first material such as FR4) and 
at least a second substrate 22 comprised of at least a second material such as ceramic. As 
shown, the selectively applied solder 14 and 16 can reside between the first substrate 12 
and the second substrate 22. The solder 1 4 and 1 6 can reside between printed solder pads 
1 7 on the first substrate 1 2 and solder pads 24 and 26. 

[0015] In the example shown in FIGs. 1 and 2, thermal stress on the module 20 is 
minimized by applying the higher melting point solder (14) at the center area 18 of the 
substrate 1 2 or the module 20 which can include active input/output connections or pads 
(I/Os) through solder pads 26 of substrate 22 while lower melting point solder (16) is 
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applied on the perimeter area of the substrate 12 or the module 20 which can include a 
ground plane through solder pads 24 of substrate 22. In this instance, solder connections 
through I/Os would require a higher reliability than connections through the ground 
plane. Also note that these substrates will tend to expand and contract at a higher rate at 
the periphery of the substrates rather that at their center areas. Thus, two different solder 
compositions are placed strategically on the substrates so that areas that would 
traditionally experience maximum stress during reflow, no longer are subject to such 
stress. In this manner, cracks in the solder and the substrates (particularly a ceramic 
substrate) due to the reflow process will be reduced or completely eliminated. By 
reducing the solidus temperature of the solder from 217 degrees C to 144 degrees C or 
1 39 degrees C, the stress on the substrates starts at a much lower temperature (144 or 1 39 
degrees C) as the substrates contract during the reflow process. As a result, the stress on 
the ceramic or other components in the module is significantly reduced. Once, the 
module 20 is reflowed, a BGA package is formed. 

[0016] Additionally, the use of lead-free bumps on the I/O can minimize air void 
formations and increases the process window. Furthermore, the low melting point bumps 
can be used on any part of the module where the CTE mismatch between the ceramic and 
PCB is maximized due to the PCB inner structure or due to component requirements. 

[0017] Referring to FIG. 3, a module 30 similarly structured to the module 20 is 
shown. In this instance solder paste or solder preforms are used as opposed to solder 
balls. More particularly, the module 30 can include the substrate 32 (which can be a first 
substrate comprised of a first material such as FR4) and at least a second substrate 38 
comprised of at least a second material such as ceramic. As shown, the selectively 
applied solder 34 and 36 can reside between the first substrate 32 and the second 
substrate 38. The solder 34 and 36 can reside between printed solder pads 31,33 on the 
first substrate 32 and solder pads 35,37 on the second substrate. Solder pads 33 and 37 
can provide the I/O connection while solder pads 3 1 and 35 can provide a connection to a 
ground plane. 
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[0018] Referring to FIG. 4, a flow chart illustrating a method 40 of reducing stress 
between substrates of differing materials is shown. The method 40 can include the step 
42 of selectively applying solder of a first composition between a first substrate and a 
second substrate and the step 46 of selectively applying solder of at least a second 
composition between the first substrate and the second substrate. Then, the method can 
include the step 52 of reflowing the solder of the first composition and the second 
composition. Optionally, the step of applying the solder of the first composition can 
include applying higher melting point solder bumps or paste or preform on printed solder 
pads on at least one among the first substrate and at least the second substrate at step 44 
while the step of applying the solder of the second composition can include applying 
lower melting point solder bumps or paste or preform on printed solder pads on at least 
one among the first substrate and at least the second substrate at step 48. Of course, in 
the alternative, the first composition can be the lower melting point solder and the second 
composition can be the higher melting point solder. Optionally, at step 50, the the solder 
of the first composition can be placed in a substantially central location while the second 
composition can generally be placed in a peripheral area about the central location. Of 
course, the solder of each composition can be selectively placed as desired to suitably 
minimize cracking or to meet other requirements that might be dictated by components 
populating the substrate or by the structure of the substrate themselves. 

[0019] Thus, the embodiments in accordance with the invention solves among other 
problems, the problem of CTM mismatch when using different substrates in modules. 
While the preferred embodiments of the invention have been illustrated and described, it 
will be clear that the invention is not so limited. Numerous modifications, changes, 
variations, substitutions and equivalents will occur to those skilled in the art without 
departing from the spirit and scope of the present invention as defined by the appended 
claims. 

[0020] Additionally, the description above is intended by way of example only and is 
not intended to limit the present invention in any way, except as set forth in the following 
claims. 
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